Recently it has been shown that there is asymptotic BMS-like symmetry associated with the near-horizon geometry of black holes in three and four dimensions. In this paper, we show that the presence of such BMS-like symmetry is a ubiquitous feature for black holes in generic dimensions. For black holes in D dimensions, the symmetry contains 2 supertranslations and D − 2 generalized superrotations. The superrotations are found to generate a generalized Witt-like algebra that was previously noticed in a rather different construction. In the case of stationary and axisymmetric black holes, we calculate the surface charges and show that the zero-mode charges are intimately related to the entropy and angular momenta of the black hole. *
INTRODUCTION
In the past few years, important connections have been made between BMS symmetries and soft theorems[1, 2, 3, 4] . The BMS symmetries [5, 6] transform the Minkowski vacuum into other physically inequivalent vacua, which differ from each other by the creation or annihilation of soft gravitons. All such vacua have zero energy but with different angular momenta.
Hawking, Perry and Strominger [7] suggested that these inequivalent vacua might play a pivotal role in solving the information paradox. They argued that the "losing" information could be stored in the supertranslation and superrotation charges on the horizon, so called "soft hair," associated with the shifts of the horizon which are caused by the ingoing particles [8] . An alternative interpretation of the symmetries can be found in [9] .
BMS-like symmetries are previously only constructed at the null infinity of asymptotically flat spacetimes. In [10] , Booth constructed the near horizon metrics for D dimensional black holes, by starting with a D − 2 dimensional hypersurface. These near horizon metrics are applicable to any D dimensional black holes. Using these metrics and with appropriate boundary conditions, Donnay et al demonstrated the existence of BMS-like supertranslation and superrotation symmetries near the horizons of black holes in three and four dimensions [11, 12] . Using BTZ [13, 14] and Kerr black hole as explicit examples, they found that the nonvanishing zero-mode charges are related to the black hole entropy and angular momentum. The importance of this work was soon noticed in several other works, e.g. [15, 16, 17, 18, 19, 20] .
In this paper, we would like to investigate the same problem in generic dimensions. This is technically made possible by the general near horizon metric available from [10] and the existing strategy to calculate charges using near horizon data for stationary and axisymmetric black holes in generic dimensions [21] . The main motivation for the effort is that, due to the possibility for more independent rotations in higher dimensions, the near horizon BMSlike symmetries as found in [11, 12] will very likely contain more generalized superrotations, and superrotation is known to play a significant role in the recent discussion on "missing" information for black holes [7, 22, 23, 24, 25, 26] . By moving to generic dimensions and making the number of generalized superrotations a variable, it could be easier to test possible scenarios on how exactly the BMS-like symmetries can contribute to the quantity of accountable "missing" information. We find that there also exist infinite-dimensional symmetries near the horizons of black holes in generic dimensions. In D dimensions, these symmetries contain 2 supertranslations and D − 2 generalized superrotations. The superrotations are found to generate a new Witt-like algebra that was only recently noticed but in a rather different construction [27] .
The paper is organized as follows. In Sec. 2, we discuss the extended symmetries of general D-dimensional black holes, following the same logic steps of [12] . In Sec.3, we apply the result to the case of stationary black holes and calculate the charges. Sec.4 contains a brief summary.
SUPERTRANSLATION AND SUPERROTATION NEAR D-DIMENSIONAL BLACK HOLE HORI-ZONS

Boundary conditions
In [10] , Booth constructed the near horizon metrics for D dimensional black holes, by starting with a D − 2 dimensional hypersurface. According to [10] , consider a D-dimensional black hole, whose near horizon geometry can be characterized by Gaussian null coordinates
where υ is the advanced time coordinate, ρ ≥ 0 describes the radial distance to the horizon,
are the angular coordinates.
Similar with [11, 12] , the boundary conditions that chosen in this paper are
where κ, θ A , λ AB and Ω AB are functions of υ and In other words, the metrics behave in the near horizon region as
It is always possible to get a coordinate system to admits the form Eq.(3) which could describe the black hole horizon.
Asymptotic Killing vectors and symmetries
In the near horizon region, the asymptotic Killing vectors can be expanded as
All the functions in above expressions only depend on υ and x A . As the asymptotic Killing vectors must preserve the boundary conditions Eq.(2), L ξ g ij = δ ξ g ij , which means the variations of the metric along the vectors will keep the form of
By calculating the Lie derivative of Eq.(3) along ξ, one can get the following equations from Eq. (8) f 12 = 0, f 13 = 0 (9)
And Eq.(5) leads to
At the same time, Eq.(6) leads to
Assuming that the leading items of the Killing vector does not depend on the fields.
Eq. (14) implies
Therefore, the form of asymptotic Killing vectors that meet boundary conditions can be given as
For a given metric, its asymptotic Killing vectors can be regarded as just functions of f and Then according to Eq.(5)-Eq. (7), the corresponding variation of the fields occur in the metric
where ∇ A denotes the covariant derivative corresponding to Ω AB and L Y stands for the Lie
It is easy to see that the asymptotic Killing vectors are locally depend on fields defined in the metric, and the algebra generated by Lie brackets does not close. By taking a modified version of Lie brackets mentioned in [28, 29] [
The algebra of asymptotic Killing vectors is given by
then the corresponding algebra reads:
Charges
The variation of surface charges for arbitrary dimensional black holes caused by asymptotic
Killing vectors can be calculated in covariant approach [30, 31] 
where
Here ξ is an specific asymptotic Killing vector which is given by specific f and Y A , and h µν = δg µν is the variation of the metric under this ξ, h is the trace of h µν . The symbol ✁ ✁ δ indicates that this expression may not be integrated out.
Then the charge on the horizon can be calculated:
This expression cannot be integrated out, as κ can vary under ξ, i.e. δκ = 0, and it cannot be expressed by any functions of Ω. This problem can be avoided for the cases with fixed κ.
The last item cannot be integrated out either because it involves both Ω AB and its derivative.
But when discussing the cases of stationary black holes, the last item will vanish also.
Algebra
Now consider the case of isolated horizon with fixed temperature. Assuming that κ is a constant, Eq. (18) 
The form of its solutions need to be
Then the relation in Eq. (24) and Eq.(25) will be
The asymptotic Killing vectors can be expressed as ξ = ξ(T, X, Y A , Y B , . . . ), and, without loss of generality, the functions can be expanded in Laurent modes,
The nonvanishing commutation relations read 
The first line of the algebra represents a generalization of the Witt algebra. Its presence at the black hole horizons was only recently noticed in a remarkably different construction [27] .
As a side remark, (35) has a nice subalgebra, 
and the vector fields Y A are responsible for generating generalized superrotations
Note that there are two sets of supertranslation currents given by X m and T m , and D − 2 sets of generalized superrotations Y i m which generate a new algebra that can be regarded as a type of generalization of the usual Witt algebra. This general extension of Witt algebra also appears in the discussion about internal gauge symmetry in higher dimension [27] . From the last line of Eq.(35), X m can be viewed as an expansion under the action of T 0 .
It is easy to check that the subalgebra (36) can be viewed as a direct product of the algebra found in [11] with more generalized superrotations. In the four dimensional case, the metric of D−2 hypersurface Ω AB can be written by stereographic coordinates x a = (z,z), in a such way that 
THE CASE OF STATIONARY BLACK HOLES
In this section, we apply the above results to the case of stationary black holes.
Near horizon metrics for D-dimensional stationary black holes
Consider the general metric for a stationary and axisymmetric black hole [21, 27, 32, 33] ,
where f, V, h ij , g ab and ω a are functions of r and θ i . ∆ only depends on r and the horizon located at ∆(r 0 ) = 0. In principle, one can identify the coordinates as the asymptotic time t, the radial coordinate r, the latitudinal angles
] − 1) and the azimuthal angles φ a (a = 1, . . . , [
] − 1), where D is the total dimension of the spacetime. In the near horizon region, V and ω a can always be expanded in the form of:
The task of this subsection is to find out the connection between Eq.(1) and Eq.(40).
Appendix A of [10] demonstrates the construction of the Gaussian null coordinate system for a Kerr-Newman horizon. By extending the result of [10] to arbitrary dimensional stationary black hole horizon, the functions in Eq. (1) and l a n a = −1 on the horizon are necessary to get the metric under the construction of [10] .
Using the coordinate transformation
the metric(40) is transformed into:
The horizon is a null hypersurface with fixed r = r 0 , then the (D − 1) dimensional metric on H reads:
It is easy to check that ∂ ∂υ is one of the null-normal vectors on the horizon. The second null vector is:
Consider a null geodesic congruence which crosses the horizon with tangent vector field n, marked by the points on them, and parametrized with affine parameter ρ, such that ρ = 0 identifies the horizon. Near the horizon, those geodesics are expanded to the second order
This defines a coordinate transformation from (υ 1 , ρ, θ
And X α satisfied the geodesics equation and the null vector n is tangent to it on the horizon, this implies:
and
Then the first order expansion of the metric is
The zeroth order components are:
The first order components are
∂g ab ∂r | r=r 0 the components not listed above vanish. With these results, Eq.
(1) can describe the geometry of the near horizon region for arbitrary dimensional stationary black holes.
Charge
The charge Eq.(28) for the stationary black holes are
As δT = 0, δY A = 0, δκ = 0, the charges can be integrated:
Those changes close under Poisson bracket
Defining
And define the generator
and setting Q 0 = 0, one can obtain:
Notice that, in four dimensional cases, this algebra reduce to extended BMS algebra found in [11, 12] .
D=2n+2
In this case, the number of latitudinal angle θ i equal to the number of azimuthal angle φ a ,
i.e. D θ i = D φ a = n. Label both kinds of coordinates with a, b, c, . . .. To calculate the charges which are defined in term of the coordinate x a , we let:
Then:
The difference between the integration in phase space of two black holes at fixed κ is
Notice that for a stationary black hole, Hawking temperature:
This means that the zero mode of supertranslation charge is intimately related to the Bekenstein-Hawking entropy and Hawking temperature. It should be noticed that Q 0 = 0 is not necessary in this calculation.
For the charges associate with generalized superrotations. Note :
which leads to:
From Eq.(52), the charges associate with generalized superrotation can be written as:
It is easy to check that:
Each pair of Y a 0 andȲ a 0 correspond to a angular momenta. And the nonzero modes of supertranslation are found to be 
The integrations 61 to be vanish and 64 to be divergent for nonzero-modes in four dimensional cases, see [12, 29, 34 ].
D=2n+3
In this case the number of latitudinal angle D θ a = n, and the number of azimuthal angle In the case of D-dimensional stationary black holes, zero-modes are related to entropy and angular momenta.
SUMMARY
In this paper, we extend the work of [11] to the case of black holes in generic dimensions. We start by considering the boundary conditions for arbitrary dimensional black holes proposed in [11, 12] . We calculate asymptotic Killing vectors, forming a closed algebra by using a modified version of Lie brackets mentioned in [28] . Then we calculate the surface charges and asymptotic symmetry group, which contains two supertranslations and D−2 generalized superrotations. Remarkably, the superrotations generate a generalized Witt algebra that was previously found on the black hole horizons in a very different construction [27] , indicating that there might be some connection between the two different ways of treatment. We have applied the result to the case of D-dimensional stationary black holes by calculating the charge algebra and zero-modes.
